The atomic coordinates of yeast phenylalanine transfer RNA (tRNA) as well as the torsion angles of the polynucleotide chain are presented as derived from an x-ray diffraction analysis of orthorhombic crystals. A comparison is made between the coordinates obtained from analysis of monoclinic crystals of the same material. It is concluded that the molecule has substantially the same form in the orthorhombic and the monoclinic lattices, except for differences found between residues at the 3' end of the polynucleotide chain. A number of observations are made concerning hydrogen bonding interactions which may account for many of the residues conserved in all tRNA sequences.
INTRODUCTION
Approximately three years ago, the folding of the polynucleotide o chain of yeast phenylalanine tRNA was described from a 4A x-ray diffraction analysis of orthorhombic crystals (1). It was shown that the molecule was bent into an L-shape with the acceptor and TdSC stems of the familiar tRNA cloverleaf forming one limb, while the D stem and the anticodon stem form the other limb. In this conformation, the 3' acceptor terminus is at one end of the L-shaped molecule 75A from the anticodon at the other end. Somewhat over a year ago, the tertiary interactions in this molecule were described in an analysis o at 3A resolution of the orthorhombic crystals (2) . At the same time, a similar 3A resolution analysis of the monoclinic crystal form was reported in which most of the polynucleotide chain was traced with the exception of the interactions between the T1#C and D loops at the corner of the L-shaped molecule (3) .
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X-ray diffraction data from orthorhombic crystals have been obtained o o to 2. 5A resolution (4) . The 2. 7A data have been analyzed by two independent refinement methods to obtain preliminary atomic coordinates. The results of these analyses are presented here and in another paper (5) . These two independent refinements have produced similar sets of atomic coordinates. Recently, atomic coordinates from the monoclinic crystal have been published (6) . The coordinates from these two crystal forms are compared here and it is shown that the structures are almost identical in the orthorhombic and monoclinic lattices with the exception of the conformation near the 3' end of the polynucleotide chain.
RESULTS
The atomic coordinates of yeast phenylalanine tRNA are presented in Table 1 . The general conformation of the molecule including the secondary and tertiary interactions has been described earlier (1,2,7).
Rough coordinates were measured in an optical comparitor and these coordinates were refined using a method similar to that described We do not anticipate substantial changes in the atomic positions of the other residues. Most of the ribose residues in the molecule are in Table 1 . Atomic Coordinates of Yeast Phenylalanine tRNA
The Cartesian x, y, z coordinates, with distances in angstroms, correspond to the a, b_ and £ axes of the orthorhombic unit cell (1J. The origin of the unit cell is taken as the origin of the coordinate system. These coordinates have been deposited in the Protein Data Bank at Brookhaven National Laboratories, Upton, Long Island, New York (11) . They can also be obtained upon request from the authors. The oxygen atoms attached to the phosphorus atom are labeled O1P and O2P, such that when the phosphate group is viewed from the O5' position, the atoms O3 1 , O1P and O2P are organized in a clockwise arrangement. Methyl groups are designated as M, followed by the numbering of the atoms to which the methyl groups are attached. Table 1 although it is possible to place the residue in the anticonformation using the same electron density. Either conformation could form two hydrogen bonds to m G26. Further refinement should clarify this ambiguity.
The torsion angles in the polynucleotide chains are presented in Table 2 , together with the angle X which describes the conformation of the glycosyl linkage. The major torsional variations are in the two phosphoester linkages (p,7) as had been suggested previously (9). Using an independent refinement analysis on the orthorhombic data, another set of coordinates has been obtained ( Several features of the hydrogen bonding interactions of yeast phenylalanine tRNA have been described recently (4). However, some additional observations can be made. It is interesting, for example, that both the orthorhombic and monoclinic analyses appear to show a GU base pair held together by two hydrogen bonds. Position 57 is always a purine (7). In the structure, there is a hydrogen bond between ribose 55 O2' and N7 of G57, a bond which can be preserved even if position 57 is adenine. In the present structure, G57 also has two other potential hydrogen bonds between the amino group N2 and O2' of ribose 18 and Ol 1 of ribose 19. These may further stabilize the structure.
Position 55 is always 1$ while position 33 is always uracil in tRNAs involved in polypeptide chain elongation (7) . There may be structural reasons for these constancies. Both of these residues occur in a position where the polynucleotide chain turns a corner. As described previously (4), #55 has P37 on top of the base while the N3 of #65 forms a hydrogen bond to the phosphate group of P58. In a similar way, U33 is near the bend in the anticodon loop and it has P35 on top of the base U33, while N3 of U33 forms a hydrogen bond with phosphate P36. Thus the bases of both #55 and U33 stabilize the corner in analogous ways. The geometry suggests a possible additional hydrogen bond from Nl of #55 to phosphate 54, although the distance is too long at the present stage of refinement.
It is of interest that the anticodon loop is likely to be further stabilized by a hydrogen bond between N6 of A38 and O2 of C32. 
